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Abstract 
The need to understand more in depth tourism demand trends and the aim to provide the tourist operators and the policy 
makers with innovative predicting tools are the key points of our research. In tourism literature predicting tourist demand 
has become a flourishing theme of research at a macroeconomic level, while the study is still lacking at a microeconomic 
level. Our attention is focused on analyzing Italian tourists' behaviours on the basis of statistical surveys on households, life 
conditions, incomes, consumptions, travels and holidays. Data analysis is performed by means of Rough Sets Theory, a 
Data Mining technique which, unlike more traditional time-series and econometric models, can easily manage categorical 
variables. Data were provided by GfK Eurisko and concern social, cultural and behavioural trends in Italy, collected by 
means of a psychographic survey. Some interesting relations between consumer behaviours and corresponding tourism 
consumption choices are obtained in terms of decision rules. 
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1. Introduction 
Traditional non-causal time-series and causal econometric models are consolidated tools for macroeconomic 
forecasts and allow to predict tourist flows arrivals, room nights or turnover expenditure, revenues, etc. on the 
basis of macroeconomic variables like GDP, currencies exchange rates or demographic variables. Their 
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informative content is limited since they are weak in predicting tourist demand at a microeconomic level, on the
basis of data like consumptions, travels and vacation or household budgets. Our main research goal was to
identify, in a database provided by GfK Eurisko, a set of attributes concerning non-tourism consumption 
behaviors which are strictly related to the Italian tourist demand. More precisely, we were looking for non-
tourism products or services whose consumption could possibly anticipate tourists' behavior, as 
-term to medium-term tourism demand 
trends see e.g. Kulendran and Witt, 2003. We mined therefore the dataset looking for robust ties among
variables expressed in term of decision rules. For the mining process we used Rough Sets Theory see e.g. 
Pawlak, 1991 which has a mix of remarkable features: no assumptions about data are required; no need to
define a priori functions or equations; categorical data are accepted; relationships between data are explained
by simple inductive rules. The paper is organized as follows. Section 2  is devoted to the introduction of the 
main concepts of Rough Sets Theory. Section 3 analyzes the data set and depicts the main characteristics of the
used software package. Section 4 presents the main rules discovered by the methodology. We address
validation of the rules in Section 5 while Section 6 ends the paper with some conclusive remarks and hints for 
future research.
2. Rough Sets and applications to tourism
Rough Sets Theory has been presented as a new mathematical tool for imperfect data analysis in Pawlak 
1991. It concerns approximated knowledge of data by means of two alternative approaches: lower/upper 
approximations of a data set and decision rules. A decision rule of the form conditions decision can be 
mined from the dataset and two indexes, coverage and certainty, give a measure of the goodness of the rule
Stefanowski, 1998. The model adopted in our research is based on a set of single condition attribute rules,
grouped by subject. It is modular in the sense that it can be enriched with new rules as soon as new data are
available. The choice of a single condition is due both to our aim to identify possible products/goods which
consumption can be interpreted as sentry variables and to the need of easy to understand/communicate rules. 
The indiscernibility relation for which all objects characterized by the same information are indiscernible is the 
key mathematical concept of the theory. A pair ),( AUS composed by a finite nonempty universe U of 
elements },,,{ 21 Nxxx and a finite set A of attributes },,,{ 21 kaaa is called an information system.
For each AB , the universe U is split into a family of equivalence classes called elementary sets through 
the indiscernibility relation stating that two objects ix and jx in U cannot be distinguished with reference to
the set of attributes in B . When the elements of a concept X , i.e. a set UX , are all in elementary sets, then
its objects can be distinguished in terms of the available attributes; otherwise, X is roughly defined. The 
information system can be denoted by ),,( DCUS if the attributes are divided into two disjoint sets C
and D , of condition and decision attributes, respectively. The decision rule induced by object x in S is the a 
sequence )(,),(),(),(,),(),( 2121 xdxdxdxcxcxc mn , in short DC x , when n condition attributes
and m decision attributes are identified. The strength ),( DCx of the decision rule DC x is represented 
by the ratio between the support of the decision rule and the cardinality of U . The certainty factor
),( DCcerx and the coverage factor ),(cov DCx of the decision rule are defined as the conditional
probability )|( CDx that Dy conditionally to the assumption that Cy and, respectively the 
conditional probability )|( CDx that Dy conditionally to the assumption that Dy . The certainty
.
64   Emilio Celotto et al. /  Procedia Economics and Finance  3 ( 2012 )  62 – 67 
decision Pawlak, 2002. 
Another key concept is the Conditional Probability Increment Ratio CPI which measures how much the 
probability of decision increases when condition holds see9 and can be computed as
),(),(cov
),(),(cov),(
DCDC
DCDCDCcerCPIR
xx
xxx
x (1)
Rough sets have been applied to tourism studies since 2000 Au and Law, 2000; Law and Au, 2000; Au and 
Law 2002 mainly dealing with classification problems leading to forecasting models based on traditional 
macroeconomic indicators and tourist arrivals data Goh and Law 2003; Law et al. 2004; Goh et al. 2008; Song
and Li, 2008. We used Rough Set Theory for decision rules generation and to the 
course of time, aiming at using them as a predicting tool for the tourism sector stakeholders. The exploration of 
categorical data, not allowed by traditional econometric models, allowed the investigation of consumption
attitudes whose trends may anticipate the tourism demand dynamics.
3. The data set
The research has benefited from a large selection of variables from Sinottica,  a database which was made
available by GfK Eurisko, GfK Eurisko, 2012
the leading market research organization in Italy. Sinottica provides information on social, cultural and
behavioural trends in Italy by means of a psychographic survey that  GfK Eurisko leads annually relying on a
total of 10000 face-to-face interviews, 5000 every six months May/June and October/November, see GfK
Eurisko, 2012. The survey focuses on Italians aged 14 or more, on their features and behaviours, on their 
consumptions and media exposure. Data are deseasonalised. In particular we focus on the second semester of 
2009 data.
We selected 155 condition attributes to obtain suitable decision rules: they are summarized by the following
categories:
Favourite subjects on newspapers 24 attributes: n ;
Favourite subjects on magazines
Attending movie theatres during the last 3 months 1 attribute;
Participation to social events during the last 3 months 14 attributes: theatres, fairs
Leisure 15 attributes: friends, reading,
Shopping 27 attributes: price/quality choices, brand choices, weekly 
Clothing 21 attributes: fashion wear, jewels, casual
Financial choices 12 attributes: ways to invest, risk attitudes, bank account 
Food consumption during the last 3 months 13 attributes: pasta, oil, vegetables
days in the last year The results presented in Section 5 were obtained by means of a freeware software
package, ROSE2 ROSE2, 2012. In the following, for the sake of simplicity, conditions and decisions are
always referred to the affirmative answer to the survey question
affirmative answer to the question , and so on. 
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4. Main results 
We describe now the main outcomes of the research represented by the rules that were identified by the 
Rough Sets Methodology as the most significant in terms of coverage and/or certainty factors.   
Issue 1 - Reading, watching movies and trying new technology - in other words training imagination - 
promotes vacation. - The reading activity appears to be positively correlated with being tourists like watching 
movies/dvd or going to a cinema see Table 1. Most 60% of the people interested in new technology products, 
told they went on vacation during the last year.  
We have therefore a first evidence of some specific aspects of personal attitudes and culture that can be 
considered as closely related to tourism choices. This leads to identify a first set of possible sentry variables 
like book sales, dvd renting and movie box office data. The concept of new technologies as proposed in 
Sinottica, instead, seems to be a little bit too vague since it refers to a very composite market and we deem that 
a supplement of research is needed to identify sentry variables in this market sector. 
 
Condition Coverage Certainty 
visited a bookstore (last 3 months) 48.99% 69.74% 
reader   48.95% 65.01% 
movies/dvd lover  61.79% 59.38% 
went to a cinema (last 3 months) 40.97% 68.95% 
technologies enthusiast  45.40% 60.06% 
 
Issue 2 - People with high expenditure potential go on vacation. - The seeking for quality garments and the 
purchasing of expensive clothes look like  a proxy of people's earnings and are clearly tied to tourism 
consumption. Consumption trend in the fashion market can therefore be used as a sentry variable for the 
tourism sector see Table 2. 
Table 2.  Richness fosters vacation: conditions for the decisi  
Condition Coverage Certainty Condition Coverage Certainty 
haute couture clothing owner 48.08% 61.25% believe to be skilled in finance  32.36% 58.67% 
clothing accessories are important 51.92% 60.44%  32.36% 59.43% 
high spending for clothing  27.70% 64.49% love to spend money     52.31% 60.57% 
purchase  new clothes each season   74.08% 58.47% I am willing to pay more for 
what makes life easier  
59.07% 57.32% 
purchase of fashion clothes only  36.31% 57.73% frequent impulsive buyer   32.36% 57.80% 
 
Issue 3 - The reading of newspapers and magazines, especially travel news, is related to tourism 
consumption. - Remark that newspapers and magazines readers are also considered in Table 
Nearly 68% of people see Table 3 who read travel and tourism articles on a magazine answered they went on 
vacation during the last year. An increase on sales of travel related magazines can be considered as a signal for 
an increase in tourism consumption but the low corresponding coverage suggests caution, only 28% of  the 
people who took vacations told they read travel and tourism articles, indeed. 
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Condition Coverage Certainty 
news reader on daily newspapers   67.01% 54.20% 
travel and vacation topics reader on magazines  28.29% 67.93% 
domestic politics news reader on daily newspapers   30.58% 61.82% 
 
Issue 4 - Cultural consumption is related to vacation. - We have to remark that there were a large number of 
missing values in the cultural consumption variables. Nevertheless see Table 4 66% of people who told they 
visited monuments and churches answered that they went on vacation during the last year. On the other hand, 
only  26%  of those who took vacations told they visited monuments and churches: cultural tourism is an 
important market segment high per capita expenditure but mass tourists  prefer other kinds of destinations and 
experiences sun & beach. 
Table 4. . 
Condition Coverage Certainty 
visited monuments/churches (last 3 months) 25.76% 66.53% 
visited wine and food fairs (last 3 months) 27.22% 59.65% 
Participated to local festivals (last 3 months) 39.98% 57.21% 
5. Validation 
discovery perspective extract, from 
data sets, previously unknown information patterns  and to induce a satisfactory set of rules as possible 
representative of an interesting pattern.  Therefore reliability, stability and steadiness of the rules need to be 
evaluated.  At this aim for some of the most representative decision rules captured by the Rough Sets Method 
we consider the behaviour of the Certainty Factor and CPIR  times-series along some of the Sinottica Editions 
(both semesters of years 2001, 2007 and 2009. The results are reported in Table 5. 
Table 5. Certainty and CPIR of  selected rules in 2001(1), 2007(7), 2009(9) Editions (semester 1 and 2 respectively) 
  Certainty__(percentage)        CPIR __(percentage)                          
Rule Condition 1(1) 1(2) 7(1) 7(2) 9(1) 9(2) 1(1) 1(2) 7(1) 7(2) 9(1) 9(2) 
1 visited a bookstore (last 3 months) 67 72 67 67 66 70 34 41 37 35 36 42 
2 Reader na na na 63 62 64 na na na 27 29 31 
3 went to a cinema  (last 3 months) 68 74 67 67 68 68 35 45 37 35 38 39 
4 high spending for clothing 61 65 62 64 62 64 23 26 26 28 28 30 
5 love to spend money 56 61 56 58 57 59 12 16 15 17 18 21 
6 travel/vacation topics reader on magazines 67 72 64 68 66 67 33 40 31 36 35 36 
7 visited monuments or churches (last 3 months) na na 63 68 65 66 na na 29 37 33 34 
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Certainty of Rule 1 is high and close to 70%, denoting reliability and stability. However it is generally 
higher in the second semester, may be this can be considered as a seasonal effect in Italy school starts at the 
beginning of September after more than two months of break. Also Rule 2 has a high Certainty nearly 65% but 
this attribute was introduced only recently 2007, second semester in the survey and lacks before.  Similar 
considerations can be made for Rules 3, 4, 6 and 7. Rule 5 
rule with Certainty factor lower than 60% but it can be considered as significant due the value of  the Coverage 
Factor see Table 2.   
Conditional Probability Increment Ratio CPIR measures how much probability of decision D increases 
when condition C holds. Its value for Rule 1 is high but it also displays an increase in the second semester, 
probably due to the above mentioned seasonality. CPIR of Rules 3 and 6 are also high and substantially stable. 
At a first glance, by considering both measures we would suggest to look for sentry variables linked to the 
visits to bookstores and cinemas and the selling of magazines on travels and vacations. Nevertheless a more 
precise coupling of the two indexes and of their time series is the subject for future work.   
6. Conclusions 
A family of decision rules is the main result of the study together with the discovery of some possible 
product/services whose market trends could announce variations in specific tourist segments trends. Future 
research is needed to improve the results so far obtained: the first task is to enlarge the available dataset 
introducing for example more data concerning food consumption. In fact, food consumption variables are easy 
to monitor e.g. through bar codes tracing 
with tourism consumption could be detected. Validation of the detected rules by repeating the search for 
emerging rules over different time windows, corresponding to different data sets provided by GfK Eurisko 
allows confirming reliability and stability of the detected rules. If the decision rules mainly in 
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